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Section D rRemarka^ 



Amendment of Claims to More Sneci ficallv Recite the Added Character of the Small Heat 
Shock ProteiD 

00 

Claims 1, 3, 4 and 6 have been amended herein to recite that the small heat shock protein is small FTI 

heat shock protein (sHSP) * ^added to said protein snsceptible to degradation by protease" in ^ 

the recited amount in a range of from 0.1 to 50 parts, relative to 100 parts by weight of total ^ 

protein in said sample composition," and claim 7 has correspondingly been amended to recite ^ 

"added** in reference to the recited small heat shock protein. F 

s 

These amendments make it clear that the small heat shock protein is "added" to the "protein fJl 

susceptible to degradation by protease," consistent with the supporting description in the Q 

application at page 6, Imes 1-2 ("adding sHSPs to the protein mixture") and page 6, lines 23-26 O 

("the amount of the sHSPs that is added ... is preferably in a range of 0. 1 to 50 parts by weight, •< 
and more preferably 0.5 to 20 parts by weight, relative to 100 parts by weight of the total protein 
of an electrophoresis sample"). 



Resolution of 35 USC 8112 Issues 

Compliance of Claims as Amended w ith Requirements of 3S USC 8112, Second Paragraph 

In the April 19, 2006 Office Action., claims 1. 3. 4, 6-11 and 18 were rejected' under 35 USC 
§ 1 1 2 for indeCiniteness. 

The examiner in the April 19, 2006 Office Action in reference to these claims has stated that 

"the possible maximum amount of proteins that could be used at the same time in the method is 
not provided or particularly pointed out (whether forty one or only one protein is used at the 



Although the statement of rejection of page 2 of the Office Action applied the 35 USC §112, second 
paragraph rejection to claims "1,3, 4, 6-1 1, and 18,'' it is to be noted that claim 8 was canccUed in the 
Response filed on February 2, 2006 to the November 2, 2005 Office Action in this application. Claun 8 
therefore should not have been identified in the statement of rejected claims. 



10 



PAGE 10/28 * RCVD AT 6/10/2006 4:52:21 PM [Eastern Daylight Time] • SVR:USPTO-EFXRF-3/20 • DNIS:2738300 * CSID:S104100354 * DURATION (mni-ss): 13-48 



9194199354 



IPTL 



04:57:05 p.m. 06-19-2006 



11 /28 



4240.103 

same time in the method claimed). Therefore, the clarification as to the number of proteins 
should be provided." 

This statement refers to the recital that is for example set out in claim 1 : 

"small heat shock protein (sHSP) in an amount in a range of from 0.1 to 50 parts, relative to 100 
parts by weight of total protein in said sample composition, wherein said sHSP includes at least 
one of the forty HSPs selected from the group consisting of: 

IbpA (inclusion body-associated protein A) derived Grom Agrobacterizm tumefaciens; 
sHSPs derived from Arabidopsis thaliana; 

HspB (heat shock protein B), HspH (heat shock protein H), HspC (heat shock protein C) and 
HspF (heat shock protein F) derived from Bradyrbizobium Japomcumi . . .." 

This claim language is submitted to be fully clear on its face, since it is apparent that 40 heat 
shock protein species are recited, and the language "at least one*' makes clear that the 
composition of applicants' claimed invention may contain one, two, three, etc. up to all forty of 
such heat shock protein species, in specific embodiments of the claimed invention. 

It is useful in this respect to review the history of this application. The originally filed claim 2 of 
the application recited that the heat shock proteins in the claimed composition "are one or more 
selected from proteins set forth in Table T as the "effective amounf of small heat shock 
proteins recited in originally filed claim 1. 

In the November 2, 2005 Office Action, the examiner rejected claim 1 as reciting "at least one** 
small heat shock protein and stated that "the maximum possible amount of proteins is not 
provided or particularly pointed out...[T]herefore, the clarification as to the number of proteins 
should be provided." 

In the response filed February 2, 2006 to such November 2, 2005 Office Action, claim I was 
amended to recite "at least one of the forty HSPs selected from the group consisting 
of... "[folio wed by the recital of the individual heat shock protein species].'* 
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The examiner in the present Office Action has maintained that the "possible maximum is not 
provided or particularly pointed out (whether forty one or only one protein is used at the same 
time in the method claimed)/' 

The indefmiteness allied by the examiner to exist in this claim language is not perceived to be 
present by applicants. Taking a simplified case, if a claim recites in a composition the presence 
of at least one of species A, species B and species C» then it is apparent that the composition mav 
in various embodiments within the scone of such claim : 

• contain only one of the three identified species - thus, the claim covers a composition in 
which only species A is present; alternatively, it covers a composition in which only 
species B is present; and as a still further alternative, it covers a composition in which 
only species C is present; 

• contain two of the three identified species - thus, the claim covers a composition in 
which A and B are present together, or a composition in which A and C are present 
together, or a composition in which B and C are present together, as specific 
embodiments of the claimed compositioR; or 

• contain all three of the three identified species - thus, the claim covers a composition in 
which species. A, B and C are all present in the composition. 

This, then» is the plain meaning of the terminology at issue. One, two, three, etc., up to a 
maximum of ALL of the recited species is contemplated and encompassed by the claim language. 
Applicant has attempted fully to comply with the examiner's requirement for defmiteness by 
being quantitatively precise. 

Therefore, in the face of the examiner's continued rejection of the claims as allegedly lacking a 
"maximum ...number of proteins," despite the fact that ALL of the recited heat shock protein 
species can be employed together, and despite the fact that ALL of the recited heat shock protein 
species together constitute a maximum number, claim 1 has been amended to recite the sHSP in 
simple and classical Markush language: 

therein said added sHSP includes sHSP selected from the 
group consisting of: 
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thereby establishing the subsequently recited sHSP species as a selection group from which small 
heat shock protein can be chosen, to select ONE or MORE, up to ALL, of the recited sHSP 
species as the sHSP of the claimed composition, within the scope of applicants' claimed 
invention. 

Claims 3, 4, 6, 7, 9, 10 and 1 1 have been correspondingly amended. 

The language "wherein said sHSP includes sHSP selected from the group consisting of: ..." is 
clear and definite on its face, and comports with the requirements of MPEP 803.02 (i.e., being of 
the fonn "selected fi-om the group consistmg of A, B and C." See Ex parte Markush, 1925 CD. 
126(Comm'rPat. 1925)). 

It therefore is submitted that the claims are fiilly clear and definite within the requirements of 35 
use §112, second paragraph. 

Compliance of Claims as Amended with Regnirements of 35 USC 6112, First Paragraph 

Claims 7 and 1 8 were rejected in the April 19, 2006 Office Action, as allegedly failing to comply 
with the written description requirement of 35 USC §112, first paragraph based on the recital of 
"at least 50% increased number of spots.** 

Although such at least 50% increased number of spots is shovm in various electrophoretic gels in 
the drawings of the application, e.g., FIG. 1 1 gels (C) (added IbpA) and (D) (added HSP26), in 
relation to gel (A) (control), and although drawings have status as disclosure - see MPEP 608 
("Disclosure"), stating that "Applicant may rely for disclosure upon the specification with 
original claims and drawings, as filed" - to resolve the examiner's objection and advance the 
application to allowance, applicants have amended claims 7, 9 and 18 to delete the recital of "at 
least 50%" from such claims, and to specify in claim 7 that the small heat shock protein is 
"added" small heat shock protein. The amended claim 7 now recites, inter alia^ 

"adding small heat shock protein (sHSP) to the sample 
composition in an amount in a range of from 0.1 to 50 parts, 
relative to 100 parts by weight of total protein in said sample 
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composition, so as to prevent protein degradation and obtain 
a gel with an increased nnmber of soots as compared to a ^el 
obtained for a corresponding sample compositioq lacking 
said added small heat shocit protein '\ 

thereby making fully clear that the number of spots - a readily visually ascertainable feature of 
the electrophoretic gels - in compositions containing added small heat shock protein^ is 
quantitatively greater than the number of spots on electrophoretic eels of correspondinff 
compositions lacking the added small heat shock protein . See, for example, the FIG. 11 gels 
referred to above, wherein the spot population in the samples (C) and (D) treated with added heat 
shock protein is much greater than in the control sample (A) to which no added small heat shock 
protein was introduced. 

See also the text of the application, e.g., at page 20, lines 12-14 (describing software 
commercially available from Bio-Rad Laboratories for measuring the number of protein spots on 
electrophoretic gels, thereby reflecting that the methodology of claims 7 and 16 is enabled bv 
commercially available tools permitting one to quantitatively ascertain the improvement 
(increase of protein spots) afforded bv adding small heat shock protein to a eel electrophoresis 
sample, in accordance with the applicants' invention . 

See also Examples 4-7 of the specification, and the accompanying FIGS. 8 and lQ-13, 
respectively discussing and pictorially showing the increase in protein spots attributable to the 
addmg of small heat shock protein to the electrophoretic gel samples, as compared to 
corresponding samples lacking such added small heat shock protein. 

In connection with the foregomg, attached in Appendix A hereof is a publication whose co- 
authors include inventors Sung Yup Lee and Mee-Jung Han, entitled "Enhanced Proteome 
Profiling by Inhibiting Proteolysis with Small Heat Shock Proteins,'* Journal of Proteome 
Research 2005, 4, 2429-2434, American Chemical Society, published on the Web on October 21, 
2005. The Examiner's attention in such publication is directed to page 2433, in the left panel at 
line 15 to the right panel at line 4, in relation to FIGS. 10 and 11 of the present application, in 
which FIG. 10 represented entire 2D gels and FIG. 1 1 represents a part of the 2D gels of FIG. 10. 
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Based on the publication, in FIG. 10, (A) represents 900 spots, (E) represents 1,200 spots, (F) 
represents 1,600 spots, and (I) represents 1,700 spots. As compared with control FIG. 10 (A) - 
without treatment with protease inhibitor the group with added IbpA (FIG. 10 (F)) and the group 
with added HSP26 (FIG. 10 (I)) have spots increased by 78% and 89%, respectively. In addition, 
as compared with the group with an added cocktail inhibitor (FIG. 10 (E)), the group with added 
IbpA (FIG. 10 (F)) and the group with added HSP26 (FIG. 10 (I)) have spots increased by 33% 
and 42%, respectively. 

Claims 7, 9 and 1 8 as amended fully comply with 35 USC § 1 12, first paragraph. 

Rejections of Claims Based on Lu bman, Willsie and Kitagawa, and Travcreal Thereof 

Claims 1, 3, 4, 6, 7, 9-1 1, 13-15 and 19 were rejected in the April 19. 2006 Office Action, as 
allegedly obvious over the prior art 

Specifically, 

• claims 1 and 15 were rejected under 35 USC §103 as obvious over Lubman (Lubman, et 
al., U.S. No, 2002/0098595 Al), and 

• claims 1, 3, 4, 6, 7, 10, 1 1, 13 and 14 were rejected as obvious over Willsie (Willsie et 
al., J. of Cellular Biochem., (2002), 84, p, 601-^14) in view of Kitagawa (Kitagawa, et 
al., Eur. J. Biochem. (2002), 269, p. 2907-2917). 

These rejections are traversed. The following discussion clearly shows all pending claims to be 
patentable over the references that have been cited against them. 

Patentability of Claims 1 and 15 Over Lubman 

Lubman has been cited in the April 19, 2006 Office Action to: 

• *teach that heat shock proteins have been identified from the 2-D gel" (the examiner 
citing paragraph [0137] at page 15 of Lubman) and 
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• ^'provide a method analogous to the 2-D gel, where the method can be used for proteome 
analysis" (the examiner citing paragraph [0151] at page 17 of Lubman). 

From such disclosure, the examiner has stated (page 4 of the April 19, 2006 Office Action) that 

*it would have been obvious to a person skilled in the art to 
design a method for the analysis of proteomes using 2-D gel 
electrophoresis where the method is analogous to the 2-D gel 
and uses heat shock proteins as disclosed by Lubman et al.** 

This conclusion is respectftilly traversed. 

As disclosed at page 3, lines 7-10 of the present application, 

''heat shock proteins (HSPs) with a low molecular weight of 
15-30 kDa are induced by stress such as heat shock or the 
overproduction of certain proteins, and are present in 
each of all organisms from eukaryotes to prokaryotes" 

Thus, m the process methodology described in Lubman involving ''multi-phase piotein 
separation methods capable of resolving and characterizing large numbers of cellular proteins^ 
(Lubman, Abstract, lines 1-3; emphasis added), the cellular protein samples may contain heat 
shock proteins that are incidentally present as endogenous components of the cellular protein 
sample being assayed, but there is no teaching, suggestion or derivative basis in Lubman of anv 
methodology in which '^added" sma ll heat shock p rotein (i.e., heat shock protein that is 
exogenous to die cellular sample being assayed) is introduced to the cellular protem sample, m 
contrast to applicants' claimed invention, which requires, inter alia, a 

''sample composition containing small heat shock protein 
(sHSP) added to said protein suscentlble to degradation bv 
protease, in an amount in a range of from 0*1 to 50 parts, 
relative to 100 parts by weight of total protein in said 
sample composition'' (claim I; emphasis added). 

Lubman therefore fails to provide any disclosure of adding small heat shock protein to a sample, 
as opposed to resolvinp or detecting small heat shock protein that mav already be intrinsically 
present in a cellular protein sample. 
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Moreover, the amounts of small heat shock proteins that would be intrinsically present in a 
cellular sample as endogenous sHSP would be « 0.1 wt. %, further underscoring the lack of any 
relevant basis in Lubman for the applicants' invention as ctaimed, since applicants' claimed 
invention requires at least 0.1 wt. % small heat shock protein to be "added to said protein 
susceptible to degradation bv protease' ' (instant claim 1). 

Since Lubman does not contemplate adding small heat shock protein to a protein sample, 
Lubman therefore cannot contemplate the addition of such additive in an amount of 0.1-50% that 
is required by applicants' claims. 

Three requirements must be met to support a prima facie case of obviousness, as set out in MPEP 
§ 2143: 

2143 Basic Requirements of a Prima Facie Case of 
Obviousness 

To establish a prima facte case of obviousness, three basic 
criteria must be met. First, there mnst be some suggestion or 
motivation, either in the references themselves or in the 
knowledge generally available to one of ordinarv skill in the 
art, to modify the reference o r to combine reference teachings. 
Second, there must be a reasonable expectation of snccess . 
Finally, the prior art reference for references when 
combiaedl must teach or spggest all the claim limitations . 

The teaching or suggestion to make the clahned combination and 
the reasonable expectation of success must both be found in the 
prior art, not in applicant's disclosure. In re Vaeck, 947 F.2d 488, 
20 USPQ2d 1438 (Fed. Cir. 1991). 

MPEP § 2143 (emphasis added) 

Since Lubman (i) contains no suggestion or motivation to introduce added heat shock protein to 
a protein sample susceptible to degradation by protease, (ii) fails to evidence any awareness of 
the electrophoretic gel ''spots issue" faced and overcome by the applicants, and (iii) contains no 
disclosure of adding 0.1 -SO wt% sHSP to a protein sample susceptible to degradation by 
protease, it is apparent that Lubman fails to satisfy the requirements for §103 rejection, and that 
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applicants' claim 1, as well as applicants* claim 15 (the latter requiring "using the composition of 
claim 1") are fully patentabiy distinguished over Lubman. 

Patentability of Claims 1, 3. 4. 6> 7. 10. 11 and 13-14 Over Wilbie in View of 
Kitagawa 

In the rejection of claims 1» 3, 4, 6, 7, 10, 1 1 and 13-14 over Willsie in view of Kitigawa, Willsie 
has been cited as teaching a-crystalin protein p26 HSP bound to nuclear matrix proteins derived 
fipom embryos that were subject to 2-D gel electrophoresis. 

The statement in the April 19, 2006 Office Action that "Willsie et al. teach a method of 2-D gel 
electrophoresis comprising adding small HSPs to a nuclear matrix protein mixture and subjecting 
the mixture to 2-D get electrophoresis" misdescribes the empirical procedure of Willsie . 

Willsie is in fact a mechanism study of intracellular movement of heat shock protein in brine 
shrimp embryos, involving translation of heat shock protein p26 from the cytoplasm into the 
nuclear matrix of the encysted embryos. See, for example, page 603, left column, lines 4-6 of 
Willsie: 

''Three treatments were used to transfer p26 into nuclei of 
activated embryos: heat shock, anoxia in vivo, and acidic pH 
in vitro.** 

In this work, the embryos were processed to effect transfer of the p26 heat shock protein into the 
nucleus of embryo cells, prior to homogenizing the embryos. For example^ the heat shock used a 
temperature of 50°C, and Willsie discloses at page 603, left column, lines 12-14 that 

''The temperature of SO°C was selected because this 
translocates the maximum amount of p26 into nuclei without 
lulling any embryos" 

Once the nuclear translocation (movement of the heat shock protein from the cytoplasm to the 
nucleus) has taken place, Willsie fractionates the nuclei of the embryo cells and isolates the 
nuclear matrbc, in order to determine the associations formed in the nucleus by the relocated p26 
heat shock protein - this is the objective of the Willsie experimentation, resulting in the finding 
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reflected in the title of the Willsie article (viz., "Small Heat Shock Protein p26 Associates With 
Nuclear Lamins and HSP70 in Nuclei and Nuclear Matrix Fractions From Stressed Cells"). 

Contraiy to the statement in the April 19, 2006 Office Action, there is NO teaching in Willsie of 
''adding small HSPs to a nuclear matrix protein mixture and subjecting the mixture to 2-D gel 
electrophoresis." Instead, Willsie treats shrimp embryos to cause movement of p26 HSP fix)m 
the cytoplasm into the nucleus of the embryo cells, dien Willsie fractionates the nucleus of such 
cells, and assays the protein mixture of the fractionated nuclear material. WILLSIE DOES NOT 
ADD ANY SMALL HEAT SHOCK PROTEINS TO THE PROTEIN MIXTURE OF THE 
FRACTIONATED NUCLEAR MATERIAL. There is no "addition" at all - Willsie is 
processing whole embryos to **fix'* endogenous heat shock proteins in the nucleus, and the only 
protein mixture tfiat is processed by Willsie is one to which no additional heat shock protein is 
introduced . Willsie therefore teaches awav from applicants' claimed invention, which requires, 
inter alia^ a 

"sample composition containing small heat shock protein 
(sHSP) added to said protein susceptible to degradation bv 
protease, in an amount 10 a range of from €.1 to 50 parts, 
relative to 100 parts by weight of total protein in said 
sample composition" (claim 1; emphasis added). 

and Willsie correspondingly teaches away from the corresponding methodology of applicants' 
claimed invention requiring the provision of a gel electrophoresis sample composition 
comprising protein that is susceptible to degradation by protease, with protease present in the 
sample composition, and 

^adding small beat shock protein (sHSP) to the sample 
composition in an amount in a range of from 0.1 to 50 parts, 
relative to 100 parts by weight of total protein in said sample 
composition/* 

as recited in applicants' claim 7. 

Since Willsie fails to teach, suggest or in any way establish a basis for providing a composition 
or methodology of applicants' claimed invention, the disclosure of Kitigawa relating to specific 
heat shock proteins of E. coli, IbpA and IbpB, has no relevance to Willsie (except through a 
hindsight-motivated effort to patch together the applicants' claimed invention based solely on the 
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applicants' own disclosure), since Willsie is a characterization study of translocated endogenous 
heat shock protein, p26, that is different irom the IbpA and IbpB heat shock protein species of 
Kitigawa. 

Since Willsie is specifically directed to study of the native heat shock protein p26 of encysted 
embryos of brine shrimp Artemia firanciscana, where is the basis for the importation of the Exoli 
heat shock proteins IbpA and IboB into such shrimp embrvos. as urged to be prima facie obvious 
and constituting the basis that is hypothesized in the April 19, 2006 OfiRce Action for the 
rejection of applicants* claims 1, 3« 4, 6, 7, 10, 1 1 and 13-14? The reason given in the Office 
Action is '^because small heat shock proteins help to stabilize other proteins and remain 
associated with unfolded proteins in 2-D gel electrophoresis" (April 19, 2006 Office Action^ 
page 6, lines 1-3). 

The Office Action by this hypothesis appears to be su^esting that the E.Coii IbpA and IbpB 
HSPs of Kitigawa be substituted for the brine shrimp p26 HSP of Willsie, e.g., by a recombinant 
manipulation of the Willsie brine shrimp, but such substitution, in addition to being nowhere 
disclosed or suggested by the Willsie or Kitigawa references themselves, would logically have a 
high probability of a poorer effect on the stability and viability of the brine shrimp organism than 
the "native" p26 HSP that has evolved through natural selection and demonstrated superiority in 
enabling the Artemia franciscana embryo to accommodate temperatures as high as 50T without 
dying (see disclosure in Willsie at page 603, left column, line 14 - ''without killing any 
embiyos")- 

The foregoing therefore shows that there is in fact no ''reasonable expectation of success" (see 
again MPEP 2143) in the hypothetical combination of Willsie and Kitigawa - quite the contrary, 
there is the expectation that substituting the IbpA/IbpB HSPs for Willsie's p26 would result in a 
poorer result. 

As a consequence, the combination of Willsie and Kitigawa fails to support a prima facie case of 
obviousness. The rejection of claims 1, 3, 4, 6, 7, 10, 1 1 and 13-14 therefore merits withdrawal, 
and the allowance of such claims is urged, inasmuch as there is no derivative basis in the cited 
prior art references for the composition and method of the applicants* pending claims. 
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CONCLUSION 



Based on the foregoing, all of applicants' now-pending amended claims 1, 3, 4, 6, 7, 9-1 1, 13-15 
and 18 are patentably distmguished over the art, and in form and condition for allowance. Issue 
of a Notice of Allowance for the application is requested. 

If any issues remain outstanding, incident to the allowance of the ^plication, the examiner is 
requested to contact the undersigned attorney at (919) 419-9350 to discuss their resolution, in 
order that this application may be passed to issue at an early date. 



nVTELLECTUAL PROPERTY/ 
TECHNOLOGY LAW 
Phone: (919)419-9350 
Fax: (919)419-9354 
Attarney File No.: 4240-103 



The USPTO is hereby authorized to charge any deficiency or credit any overpayment of Ices properly 
payable for this document to Deposit Account No. 0S^32S4 



Respectfully si bmitted. 



Steven J. Hultq Jist 
Reg. No. 28,021 
Attorney for Applicants 
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Abstract Proteolytic degradation is one of the critical 
problems in two-dimensional electrophoresis (2-DE). Here 
we report* that small heat shock proteins (sHsps), including 
IbpAec and IbpBge from Escherichia co/i and Hsp26sc from 
Saccharomyces cerevisiae, are able to protect proteins In 
vitro from proteolytic degradation. Addition of sHsps 
during 2>DE of human serum or whole cell extracts of E. 
coli, Mannheimia sucdnciproducens, Arabidopsis thaVtana, 
and human kidney cells allowed detection of up to 50% 
more protein spots than those obtainable with currently 
available protease inhibitors. Therefore, the use of sHsps 
during 2-DE significantly improves proteome profiling by 
generally enabling the detection of many more protein 
spots that could not be seen previously. 

Keywords: small heat shock proteins • two-dimensional gel 
electrophoresis • proteome profiling • protease inhibitor 



Introduction 

Proteolyiic di^gradalion of proieins is one of the most 
important problems in tvv'o-diniensiona! electrophorejJis (2-DE) 
of proteomic samples because it reduces ihe number of 
proteins thai can be reproducibly observed. Proteolysis can also 
cause the appearance of protein spot artifacts, which can lead 
to incorrect conclusions about cellular biochemical changes, 
such as protein turnover, posr-iranslaiional processing. :uid 
alternative gene spticing. Several strategies have been devised 
ro solve these problems, including the addition of protease 
inhibitors, Tris base, or large amounts of dithiothreitol (Uni 
and thiourea or urea; precipitation of proteins by inchlomacetic 
acid in acetone; and boiling ihc sample in sodium dodecyl 
sullaie (SDS)-toniaining sample buffer.* However, curtain 
proteases .slill remain active even under these harsh conditions. 
Because dicre is no general strategy for proven ling proteolysis 
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for all kinds of samples, a variety of sample buITers and 
procedures must be tested. [x>s$ of protein spots in'2-D gels 
due to residual protease activity is commonly observed when 
using immobilized pH gradient gels (IPGs) lor isoelectric 
focusing (IHK) J-^ In this case* proteolysis has commonly been 
reduced by adding protease inhibitors (Pis) to the reswelling 
bulter and reducing die lime of protein Incubation in this 
buffer. However, despite these steps, problems from proteolysis 
persisted. 

ihe small heat shock proteins (sHsps) are molecular chap- 
erones of 15-30 kDa found in pToJcar>'otes and eukaryotes.^*'^ 
It has been shown that sHsps pre\'ent irreversible aggregation 
of denatured proteins, and facilitate their transfer to other 
chaperone systems for correct refolding.**-' We have recently 
demonstrated that £ call sHsps can protea recombinant 
proteins from degradation by cytoplasmic proteases in viv-o.' 
In the current study, we examined whether sHsps can protect 
proteins from proteolysis In vitro. Tliree sHsps. specifically 
IbpAic and IbpBcr from £. coU and Hsp26sc from 5. ceretfisfae, 
were evaluated for their ability to do so during 

Experimental Section 

Gene Manipulation. E. coli XL 1- Blue UupBiA hsdR17 recM 
QfrASe thi re(Al Uic F iproAB- lact\ lacZAMJS TnlO [Te\']U 
Simtagene Cloning Systems, La loUa, CAJ was used as a host 
strain for the cloning and maintenance of plasmids and for 
gene expression. Plasinids pTac99Ibp.'\///5t,:. pTac99IbpBf//5co 
and pTacy9Hsp26/?i.!f>i^ were employed for the production of 
sHsps, They were constructed by cloning the PCK-amplified. 
C- terminally Hisr,- tagged £ coH ibpAu, E coli ibpBiw, and S. 
cerevisiae hsp26i^ genes, respectively, into the ixoRJ and //rndUl 
sites of p 1 ac99A.'* Further details are provided in the Supporting 
Information online. 

PCK was performed in a IKIK Ihemial Cycler Mi> (l akara 
Shu7X) Ltd.. Shiga, iupan) using the tl.xpjmd High Fidelity PCR 
System (Hochc Molecular Biochemicals, Mannheim, GcnnanyJ. 
UNy\.sei|UC!icing was carried out iLsing Ihe HigUye IVrminaior 
cycle seciutrnctng kit fl»erkin-l:lmer. Boston. MA), laq ptjly- 
mcrase, and ABI Prism :J77 DNA sequencer (Prrkin-Klmerl. All 
IJN.A m;uiipuluLiuns were carried out according to .«ciandnrd 
prfK-edures,-* 

Production and Purification ofsHsps. Recombinant H. t oti 
.struins were culfivaieil in 250-ml. (lasks coniuining KiO mL 
I.uria-I3ertan» metiluni ( 10 g/I, li^pione. 5 g/l. yea.si extr:u:i, and 
r> h/L .NaCI) .siipjilcmenicd aiih SO mg/Lampicniin in a shaking 
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Using sHsps for Enhanced Proteome Prvfiling 

incubaior at 37 and 200 rpm. Oil growth was nionitored 
by measuring the ab&orbance ai 600 nm {ODc^x.! wiih a DU 
Series 600 specirophotomeler iBeckman. Kullenon. CA). When 
ihe ODmxi renchtrd 0.7. cells were induced with 1 m.M isopropyl- 
/>-n-rhiogiilaciopvTaiiosidc tlPTG) (Sigma. Si. Louis, MO). After 
fiirther cultivation for 4 h, cells were harvested by centrlfugaiion 
at 3500 4 gfor 5 miii nt 4 *C. Recombinanl sHsps were purified 
ubing a M-niirilotriacetlc acid spin column kit (Qiagea Valen- 
cia. CA) under denaturing conditions. The amounts of purified 
sHsps were determined by Bradford assay using bovine serum 
albumin as a standard."' Purification of sHsps was confirmed 
by SUS polyacrj-lamide gel electrophoresis iPAGt) on a 15% 
{wfv) polyacrylaniide gel as described by I Jiemmli." Gels were 
stained with Coomassie briUiani blue H250 (BJo-Kud. Hercules. 
CA). and the proieio bands were quantified by a GS-7J0 Cali- 
brated Imaging Denstiomeier (Bio-RadJ. To renature denatured 
proteins, protein fractions were dialj-zed in several steps against 
20 mM Tris-HCI buffer (pH 8.0) containing decreasing con- 
ccnuations of urea (6 to 0 M). Refolding was confirmed by 
circular dichroism (see Supporting Information S2 online). 

Evaluation of Proteolysis Inhibition. Human serum albumin 
(HSA; 6S.5 kDa) was used as a model substrate protein at a 
concentration of 0.5 fi%iuL. At time zero, trypsin (Boehringer 
Mannheim, Mannheim, Gemiany) or proteinase K (Sigma) was 
added at varying concentrations, and the reactioji mixture was 
kept at room temperature for 2 h. After the reaction. aJiquots 
(10 fiU were mixed with 10 /«L of t-aemmli sample buffer, 
followed by immediate SDS-PAGE on a 15% (w/v) polyacryla- 
mide gel. A reference sample incubated with the same volume 
of bufTer without protease was included as a control in all 
experiments. To compare the inhibition of proteolysis. Pis and 
sHsps were added lo the HSA solution just before the addition 
of proteases and at the following concentrations: 1 mM PMSF 
(Sigma), 4 mM AEBSF (Pefabloc SC: Roche Diagnostics GmbH. 
Germany), 1 mM £DTA (Sigma), 0.1 tablet /mL of protease 
inhibitor cocktail (Complete Mini liDTA-free; Roche Uiagnostics 
GmbH, Gemiany), 0.005 /igZ/^L IbpAr^. 0.005;/g//iL IbpBj:,. and 
0.005 /ig/«L Hsp26st. lliese concentrations of commercial Pis 
were those recommended by 2-D brochure of Ameniham 
Biosciences (Uppsala. Sweden). 

Protein Extraction and Analysis by 2-DE. Proteome analysis 
was performed by 2-t)E using the HKJphor ]EV system fAmer- 
sham Biosciences) and Protean II xi Cell (Bio-Rad) as described 
previously."- In brief, f. coii W3110 or A/, succinidproducens 
MBHL55E (Korean Collection for lype Cultures. Daejeon. 
Korea) cells were harvested at the mid-logarithmic phase by 
ccn(rifug«^cion for 5 min at 3500 x g and 4 C and washed four 
times with low-.sall washing buffer. The pellet was then 
re.suspended in 600/<Lof a buffer containing 10 mM Tris-HCI 
(pH 6.0). 1.5 mM MgQ:, 10 mM KCI, 0.5 mM DTf. and 0.1% 
SUS. One mL of this siimple was mixed with 60 ut of a solution 
consisting of 8 M urea. 4% fw/v) CHAPS, 40 mM rri.s. 65 mM 
DTf, and a trace of bromophenot blue. Proteins (200 </g for £ 
c«/f or 150 «g lor M. sttcchticiprofiucens) quantitled by Bradford 
a.ssay'"were resuspended in .150//!. of IHF denaiuration buffer 
(8 M urea. 2% (w/v| CH-\PS. 20 mM DIT, and 0.8% (v/v) IPG 
buffer). Ihe sllsps as well as protease inhibiicirs were added 
at the concentrations indicated, and tlie samples were ».arefu]ly 
loaded on ihe IPG stri]>s (18 cm. pH .I-IO NL: AnuTsliam 
Biosciences). The Io:ided siripa were rt:hydr;iled for 12 h 
and were focused at 20 C for 15 min ai .?50 V, followed by 
mm V iHiiii ;i total of r,o m V-h vv;ts ic.Tichod. The strips wi;re 
iM|nllibraied in etiuiJibration huIfcTb and ihcn vvi.-n' placed on 
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technical notes 

I2?r, tw/v> SDS-PAGF, gels prepared by the standard protocol," 
Protein spots were visualized using a silver staining kit U\m- 
erbham Biosciences), and the stained gels were scanned by a 
GS-710 Calibrated Imaging Densitometer (Bio-Rad). Tlie spots 
in a gel are automatically detected by ImageMastcr 2D Plati- 
num Software (version 5.0; .-\mersham Biosciences] with the 
optimal pammeters of Smooth (2), Min Area (5) and Sallency 
(200). 

Human serum was obtained from the Cancer Metastasis 
Research Center (Seoul. Republic of Korea) and was ueatcd 
according to die protocol by Quero et al.*^ with some modifica- 
tions. /\ serum sample (20 uL] diluted to (500 ftl. with O.l M 
PBS (pH 7.0) was sonicated on ice with a VibraCell (Sonics & 
Materials. Newtown. CI ). Samples were precipitated by adding 
an equal volume of 20% (w/v) nrichloroacedc acfd in ncetone 
ai 4 *'C for 30 min. After centrifugation at 16 100 x g for 30 
min at 4 '*C. the pellet was rinsed twice with ice-cold acetone. 
The pellet was air-dried and fully dissolved in 350 piL of IKF 
denaturaiion biUTer. All other steps for 2-DE were as described 
above except that 150 iig of sample was analyzed, and lEF was 
carried out with an initial focusing at 100 V for 3 h, followed 
by a gradiuil increase to 1000 V over 6 h. and, finally. 8000 V 
for 2 h (60 000 total V-h). 

The human kidney cell line 293 cl8 (i\merican Type Culture 
Collection, Manassas. VA) was rinsed once with Dulbecco's 
Modified Hagle Medium (CJlBCO-Invitrogen.Caiisbad. CA) and 
removed from the flask with a jnixtiire of 0.5 g/L trypsin and 
0.2 g/L EOTA. After 3 min, medium containing fetal calf serum 
was added to the flask to terminate trypsinization. Cells were 
collected by centrifugation for 5 min at 3000 x g, resuspended 
in ice-cold PBS (pH 7.2), and collected again by centrifugation 
for 15 min at 3000 x g. Cells (8x10^) were solubllized with 60 
/f L of a solution containing 8 M urea, -1% (w/v) CHAPS. 10 mM 
Tris, and 65 mM UIT. 2-OE was carried out as described for 
the E. colt sample except that ISO /rg of protein sample was 
analyred. 

A thoUana Colombia^^ was treated as described by Cijrpen- 
Tier et al.'-'^ with some modifications. Freshly prepared leaves 
(300 mg) were ground in a moriar with liqiud nitrogen and 
mixed with 4 ml. of 20% (w/v) trichloroacetic acid and 0.2% 
(w/v) DTT in acetone at -20 ^C. The precipitated protein was 
collected by centrifugation at 16 100 x ^ for 30 min at 4 'C, 
and the pellet was washed with ice-cold 0.2% (w/v) DTT in 
acetone, incubated for I h at -20 X, and washed again with 
ice-cold 0.2% (w/v) DTT in acetone. The resulting pelJel was 
air-dried and dissolved in 200 /^L of extraction buffer (7 M urea. 
2 M thiourea. 1% (w/v) CHAPS. 1% (w/v) DTT. and 0.8% (v/v) 
IPG buffer). Proteins were extracted for 1 h at 25 X with 
vigorous vorte.xing. The extracted sample was diluted with 
rehydration buffer (6 M urea. 2 M thiourea. 0.5% (w/v) CHAPS, 
30% (w/v) glycerol, 0.5% (v/v) IPG buffer, and 0.28% (w/v) 
DIT). 2-fJl; was carried out us described above except that 150 
.wg of protein sample wa.<i analy^ted and IFF was peifomied with 
an initial focusing for 3 h at 300 V, followed by a gmdual 
increase lo 1000 V over 6 h. and. liaally. WOO V for 3 h (50 000 
total V-h). To check the reproducibility, ail the protein samples 
were an:ily/4.'d by 2-DE in tripJicaie.s. 

Results 

Production of sMsps. I he sIKsps were pro<.hiced in reconi- 
binant K coli in the ]Xjiyhisiicline-iiij«»ed form to fnciliiate 
piirificulon. Plasniids p I n(:f)9lbpA/?/,v,,.. pf ac99lbpR/7/5,.. and 
pracl)0lI.'ip26/»V'. were tised for ihe production of pniyhisti- 
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Rgura 1. Effects of sHsps on in vitro proteolysis. (A) The susceptibility of HSA to proteolytic cleavage by proteinase K in the presence 
of 0-8 M urea. HSA (0.6;ig/;<L) was incubated with 0.5 x 10-^<g///L of proteinase K and various concentrations of urea for 2 h at room 
temperature. (B and C) Inhibrtfon of proteolysis by sHsps. HSA (0.5/ig//*U was Incubated for 2 h at room temperature with various 
concentrations of proteinase K <B) or trypsin (C) In the presence of 8 M urea and O.OOB/ig/juL of IbpAfe. IbpBEc, or Hsp26sc. Also, currently 
available protease inhibitors, including 1 mM PMSF. 4 mM AEBSF, 1 mM EDTA. and 0.1 tablal/mL of protease Inhibitor cocktail were 
examined for comparison. Shown on the left are the moJecular weight standards, which included phosphorylase b (97 kDa), bovine 
serum albumin {66 kOa), chicken egg white ovalbumin (45 kDa>, bovine erythrocyte carbonic anhydrase (30 kDa), soybean trypsin 
inhibitor (20.1 kDa). and bovine milk a-lactalbumin (14.4 kDa). f^esults are representative of triplicate experiments. Tha arrow indicates 
the position of the HSA band. 



Uine-lagsed IbpA^r. IbpSgB. and Hsp26sc> respecliveJy. These 
sHsps were .successfully produced in recombinant L. voU XLl- 
Blue after induction with IFICj. lbpAj:t, JbpHir... and Hsp26.v 
vvm* produced up lo 30%. 40%, and 34%, rcspcciively, of the 
tola] iz. coli proteins iavt: Supporting InformiHion Kigure SIA 
online). We Initialiy aitenipied to purify sHsps using □ Mi- 
nitriloniaceric acid spin column under native condition.'; but 
were noi successlul. probably because ihe potyhiMidlne resi- 
dues in ihe sHsps were buried."* The sHsps were therefore 
purifie*! ur\dor dcn.uuring conditions. 1 he purity of ibe sHsp^s 
;ib liuicnnirud by SDS-rACih Wius gre;iltT (h:in Ui)'» (.^ce 
Suppnriinn lnfi>rmation Kigure SIB online). 

tnhilniion of IVotcolysis In Viiro by 5iHKps. Soluiions of urea 
are coninionly usihI ior protein purilicaiion. unloklin^/reroitl- 



ing, and separation by lEF during 2-DE. Unfortunately, proicins 
are more susceptible to proteolysis in Iheir nonnaiive or 
denatured .state than in their native state. 13ecause many 
protcaiieii are more resi.siant lo denamration than other cellular 
proteins, Ihey can remain active under siandaril denaturing 
condition.^.' -"I hus, the denaturing conditions can enhance the 
proteolylicdc^railaiio)! ol (.elliilar proidns by PXpOi;lr)g buried 
residues vvhile proleases reinuin active. 

We first examined Ihe susceptibiUty of native and denatured 
HSA (0.5/«g/wL) to proleoly.sis by [iroteinnsc K in the jirescnce 
ol O lo 8 M urea. As exproied, M.SA became more susceptible 
to proteolysis as the urea CfUKeiu ration was incieased f Figure 
I A). N'ext, wo exainincft rlipenfcrs ofsHsps on the dej^radaiion 
of HSA by proieinnse K in the presence of ii M urea (Figure 
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Figure 2. 2-DE profiles of E. coli whole celJ lysat© under various conditions. Gels were loaded with £. co// whole cell V^te <200 of 
proteins) treated with various protease inhibftors or sHsps. lEF was carried out using the pH 3-10 NL IPG strips for the first dimension 
of separation, and SDS-PAGE on a 12% polyacryfamide gel was performed as the second dimension of separation. The gels were 
silver stained, scanned, and the protein spots were detected by digital imaging software. |A> No inhibitor; 18} 1 mM PMSF; (C) 4 mM 
AEBSF {Pcfiabloc SO; (D) 1 mM EDTA; (E) 0.1 tabfet/mL of protease inhibitor coclttaH; (F) 5% (10 //g) IbpAEc; (G) 5% OO/eg) IbpBcc; (H) 
5% (10/<g> Hsp26sc. Circles in F, G, and H indicate the spots of IbpAsc. IbpBEc- and Hsp26sc, respectively. Lower panels show enlarged 
sections selected for comparison. Circles in the lower panels indicate new protein spots which could not be seen in the controls. 



IBJ. E^roieinase K wnsj oUded at varying conc«nir:iiion.s lo fh5 
//g//j|. H.SA without or with sMsps (Ibp.Ai, . IbpBix. or H.sp2fiN j 
or commercfal Pis. All three sHsps were able to protect HSA 
from protL-olyjiis by proioiniise K. NoCibly, as lit lie :is O.00rj .</g/ 
//L of ihe sllsps effectively inhibited pr(>teo}y.sis by proteinn.se 
K. t)f ihi;cOtTimmial Pis tested, iriduding PMSI-, AF.HSF. EITI A. 
and a ctininiercinl protease cockiiiil inliibiior. only l*MSK vv;is 
able to pnjiect MS.\ from proteolysis. Similar e.vperimeiii.<; were 
cntrlctl oiJi usinK trypsin as anotln^r model prottsisr (I'igun? 
IC). A^ain, ndcliiion of IbpA,,^, IbpUt:... or Hsp26.s» prt>tcctetl USA 
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ftrom proteolysis. None of ihe ctmimerciaJ Pis wa.s able lo 
inhibit proteolysis, suggesting that sHsp.s are much mure 
eifcciivc than the coinnion/y used Pis ai pioiecting HSA from 
proteolysis by trypsin. 

Enhanced 2-DE of E. call Cell Extract by the Addition of 
sHsps. The above findings suggested that sHsps may be nhle 
to solve some ol tlie prui^k-ms i.ausfd by proteolysis during 
2-DK. We first delermined ilie optimal concentration of sHsps 
for (he inhihiiion of profroly.^is during 2-DH of the whole lOll 
lysale of ii coU W.il JO as a model proteome. When .sHspa were 
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Rflure 3. 2-DE profiles of M. succmiclproducans cell extract (A,B). human serum <C.D), human kidney cells and A ffra/Zana (G H» 
Samples (150 /ig of proteins) were mixed with 0.1 tablet/mL of protease inhibitor cocktail (A.CE.GK 5% O.S fig) Hsp26se (B), or 5% h 5 
/ig) IbpBEc (aF,H). Circle in B indicates the Hsp26se spot, while those in D, F, and H are IbpBEe spots. Lower panels show enlarged 
sections selected for comparfson. Circles in the lower panels indicate new protein spots which could not be seen In the controls. 



added at beiow 1% (w/w) of ihe lotal loading proteins, there 
was no positive t-'fleci. When slJsps were added at 20% (w/w) 
or higher percentage of the total loading proteins, problem.s 
of overlapping proiein spots were observed. The optimiJ 
concenirntion of sUsps was found to be 5% (w/w) ol the total 
protein loaded for 2-!>H. We further compared the abililies of 
I he ihrt^e sHsps and the coinmonJy used Pis lo inhibit pro- 
leolviiib during Z Ot oi' t\ cofi W3il0 whole cell lysate. In nil 
case.«i. The pH gradient was between :\ and 10, and .SIJS-I»A<;k 
Wits performed on a 12% polyarrylamide gel. The Ovenjii 
proliles of cellular proteins were quite reproducible. As shown 
in Figure 2. the efliciency of inhibition was as follow.s: sllsps 
> proiejise inhibitor cock lai I AF.B.SF> RDTA PMSF .Vone 
iavt: Suppoiiing InformHiion Figure S3 online lor higher reMjhi- 
lion 2-0 gels). When was airrled om in die {ibsence of 
or sM-sps. we deit cied approvimniely 900 prniein »;pots 
(Figure 2f\): in the presence of Al-BSF (Figure 2(^) or ihe 



protease inhibitor cocktail (Figure 2E), ihis increased to ap- 
pro.xiniaiely 1200 spots; and when IbpAcv (Figure 2F}. Ibpfici. 
(Figure 2G), or Hsp26.sr (Figure 2H) was added, ivc detected 
1600. 1700. and 1700 spots, respectively. The lower panel of 
Figure 2 shows an enlargement of several small regions from 
representative gels. Iliis reveals that the addition of IbpAr,. 
IbpBi r. orHsp2&sc- noi only increased the number of spots but 
also enhanced Iheir definition and intensity. Furthermore, 
addition of the sH.sps prevented the loss of both high and low 
molecular mass proicins. Tlurelure. our results imlicaie ihai 
the addition of sHsps signilic:inily improves 2-i;ii-biised pro- 
teonie analysi.s. 

General Improvement of Proteome Profiling by sHsps. To 
delerminf whether this strategy can be gtinerally applied, we 
examined the effects ofadding.slisps in extracts from another 
baricrium (cnpnophilic liovim.- rumen hanonum Mnnnbi^iniio 
sticvinidifrutlitceny M\iiLLT}5\:}, human «>( rum. and L'.xirjcls of 

Journal of Proteome ReMarch - Vol. 4. No. 6, 2D05 2433 



PAGE 27/28 * RCVD AT 6/19/2006 4:52:21 PM [Eastem Daylight Time] * SVR:USPTO.EFXRF-3/20* DN1S:2738300 * CSID:d1 941 99354 * DUIMTION (mm-ss):13-48 



9194199354 IPTL . 05:05:46 p.m. 06-19-2006 28/28 



Usitig sHsps for Enh<\tice4 Proteome ProfiUng 

liuman kidney cells and planr cells {Figure 3 and see Supporiiag 
Informaiion Figure S4 online Ibr higher resoluUon 2-D gels). 
The overall profiJes uf cellular proteins taken from each sample 
within the pH range of 3- 10 were quite reproducible. Hsp2(isr 
or IbpBrc. and protease inhibitor cocktail was compared as a 
representative sHsp and a strong protease inhibitor currently 
available, respectively. The nurnber of spots obtained for M. 
Siia-iniciproducem in the presence of Hsp26sc was approxi- 
mately HOC, whereas 740 spots were obtained when the 
proteiuse inhibitor cocktail was used (Figure 3A.B; enlarged 
images of selected sections are shown in Figure 3Al-4,Bl-4). 
For liuman serum, approximately 710 spots were obtained in 
the presence of IbpBi , . whereas 600 spots were obtained when 
ilie protease inliibiior cocktail was used (Figure 3C.D). Enlarged 
images of selected sections clearly show more pro tela spots 
when IbpBr, was added {Figure 3D1-2 compared with Figure 
3CI-2). Similar improvcmenls in the number and quality of 
the protein spots were observed when IbpBi:« was added to the 
human kidney cell line extract (1462 and 1642 spots in Figure 
3F. and 3F. respectively; also see Figure 3EI'2.Fl-2). Finally, 
we examined the effect of the sHsps on the proteome profiling 
of the extract of Arabidopsis thaJiana Colombia as a model 
plant sample. This was ptmtcularty interesting because plant 
cell extracts are generally rich in proteases. "^/\s shown in Figure 
3G and H (1852 and 2265 spots, respectively), the number of 
protein spots observed was significantly higher when TbpBrc 
was added. Taken together, these resvdts Indicate chat sHsps 
can universally protect proteins from proteolj'sis in vitro and 
that they are exceptionally efficient in enhancing the 2-DE 
based proteome analysis. 

Discussion 

Because of proteolytic degradation of proteins in cellular 
extracts, the proteome profiles obtained by 2-DE have not been 
truly representing all the proteins in the cell. Even though the 
addition of various protease inhibhors can improve the per- 
formance of 2-DE to some extent, proteolysis stiD persists 
during the lEF step,'- This loss or modification of protein spots 
c*an be a substantial problem when the entire protein content 
of a sample must be analyzed. In this report, we showed for 
the first time that some of these problems can be solved by 
simply adding sHsps. The use of sHsps for the inhibition of 
proteolysis has three major advantages over commerciaJly 
available PJs. First they are extremely effectiw for the inhibition 
of proteolysis, allowing the detection of protein spots that 
cannot be detected using currcnily available Pis. Second, sHsps 
are much less expensive tiian currently available Fls; the sHsps 
can be produced in large amounts by cultivation of recombi- 
nant E. coil and can be purified easily in 8 M urea without 
further processing. Third, because the sl isp is added at a known 
concentration, it can be uswl as an internal standard for spot 
ciuaniitaiion in 2-DE. U is believed that this new approach will 
change the way 2-lJh in prjciiced because il ;i)lov«i detection 
of up to 50% more protein spots than those detectable with 



technical notes 

the best protease inhibitors currently available. Therefore, many 
mure protein spots thai could not be seen before can now be 
detected by the use of sHsps. In addition. sH^ps can be 
employed for protein purification or other bloproce.sses where 
proteolysis is a problem. In conclusion, the novel Hnding that 
sHsps can be effective protease inhibitors In vitro should be 
useful for various applications including proteomics. 
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gene manipulation. Figure SI: The expression tA) and puriGca- 
tion (B) of polyhisiidine-tagged IbpAii. rbpB, ,. and Hsp26sc 
from recombinant K a?/f XLl-Blue harboring pTac99IbpA;jfatc. 
pTac99lbpB;ii5Cc. and pTac99Hsp26/ii;se. respectively, Figure 
SZ: Circular dichroism of IbpBi^^ after refolding. Figure S3: The 
enlarged 2-DE profiles of £ coU whole ceil l)'5ate from Figure 
2. and Figure S4: TTie enlargeil 2-DE profiJes Af. succinicipro- 
ditcens cell extract (A,B). human senim (CD), human kidney 
ceUs (E.F), and A thalUtna (G.H) from Figure 3. This material 
is available free of charge via the internet ai hUp://pubs.ac$.org. 
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